The quality of monovarietal extra virgin olive oil from cv. 'Taggiasca' is infl uenced by many factors that have impact on shelf-life as well as on sensory and healthy properties of the product. The aim of the work was to recreate the conditions similar to those in consumer sales point (conditions of "shelf"), maintaining the olive oil packaged in dark-green bottles at room temperature (between 18 and 25 °C) under artifi cial light and away from heat sources, monitoring the oils up to 12 months from bottling with quarterly sampling for the main chemical, physico-chemical, and sensory parameters related to the quality. After one year of storage, an organoleptic alteration with reduction of the attributes 'fruity', 'pungent', and 'bitter', as well as the occurrence of 'rancid' defect, was observed. This alteration was found to be accompanied by a decrease in phenolic substances and tocopherols and an increase in primary and secondary oxidation products. The composition of the volatile fraction showed a slight increase of substances related to rancid defect, a constant trend of compounds related to fruitiness, and a slight decrease in alcohols. It can be concluded that the optimum time of storage of the oil under the above-mentioned conditions is approximately 9 months.
Lipid hydrolysis and oxidation are the main causes of the extra virgin olive oil (EVOO) quality deterioration and its reaction rate determines the shelf-life of this product. These processes lead to the formation of off-fl avours along with a decrease in nutritional property (ANGEROSA et al., 2004) . EVOO is a source of natural antioxidants, such as tocopherols, chlorophyll, and carotenoid pigments, and biophenols, involved in different mechanisms providing an effective defence against free radicals (SERVILI et al., 2014) . The antioxidant content depends on many factors, in particular on genetic profi le of Olea europaea cultivars. The study of the chemical and physico-chemical characteristics of monovarietal extra virgin olive oil (MEVOO) is useful in order to establish the storage time to preserve as long as possible the organoleptic and nutritional quality within the limits established for the extravirgin category declared by the European Union Commission Regulation EEC (1991) and its subsequent modifi cations.
The oxidative alterations that occur during the conservation of oil have been widely studied (GOMEZ-ALONSO et al., 2007; SAMANIEGO-SÁNCHEZ et al., 2012) . The infl uence of temperature, light, metal contents, the presence of pigments and antioxidants, and oxygen partial pressure on the oxidative process was also studied (GUTIERREZ & FERNANDEZ, 2002; STEFANOUDAKI et al., 2010; AYTON et al., 2012; NABIL et al., 2012) . However, only few works have been carried out to study the shelf-life of monovarietal extra virgin olive oils (LANZA et * To whom correspondence should be addressed Phone: +39-085-95294; fax: +39-085-959518; e-mail: barbara.lanza@entecra.it Acta Alimentaria 44, 2015 al., 2013b . Several studies demonstrated that the storage conditions, such as containers, temperature, exposure to light and air, infl uence the packaged oils (ANGEROSA et al., 1993; MORELLO et al., 2004; MÉNDEZ & FALQUÉ, 2007; ROMANI et al., 2007) . The purpose of the present work was to reproduce conditions similar to those referred to in sales point (conditions of "shelf"), maintaining the olive oil packaged in dark-green bottles at room temperature (between 18 and 25 °C) under artifi cial light and away from heat sources, monitoring the oils up to 12 months from bottling with quarterly sampling for the main chemical, physicochemical, and sensory parameters related to the quality.
Materials and methods

Materials and storage conditions
Monovarietal extra virgin olive oils (MEVOO) obtained from Olea europaea L. cv 'Taggiasca' were used in this study. The oils were extracted in industrial mill by three-phase continuous system and then packaged in full fi lled 1 l bottles of dark-green glass. The bottles were maintained at room temperature (between 18 and 25 °C) under artifi cial light and away from heat sources. The monitoring was performed analysing the oils up to 12 months from bottling with quarterly sampling (EV1 at 0 time, EV2 after three months of storage, EV3 after six months of storage, EV4 after nine months of storage, and EV5 after 12 months of storage).
Methods
Several analyses were regularly performed to determine and quantify any possible evolution of parameters related to the olive oil quality.
1.2.1. Free acidity, peroxide index, and spectrophotometric investigation in the ultraviolet. Free fatty acid content (percent oleic acid), peroxide index (PI expressed as milliequivalents active oxygen per kg oil (meq O 2 per kg)), and UV absorption characteristics (K 232 , K 270 , ∆K) were determined in duplicate according to the analytical methods described in EEC (1991) and its subsequent modifi cations.
Pigments, tocopherols, and biophenols.
The determination of pigment (chlorophylls and carotenoids), tocopherol, and biophenol contents were performed according to the methods described in a previous work (LANZA et al., 2013a) .
Head-space volatile compounds.
The volatile compounds were stripped from 50 g oil samples with N 2 (1.2 dm 3 min -1 , for 2 h at 37 °C) using 10 mg 1-nonanol added as the internal standard. The samples were adsorbed onto 50 mg activated charcoal and eluted with 1 ml diethyl ether. Quantitative analysis was carried out using gas chromatography, with a Carlo Erba (Milan, Italy) Mega Series 5160 gas chromatograph equipped with a Restek STABIL-WAX silica capillary column (length 60 m; i.d. 0.32 mm; fi lm thickness 0.5 μm), an on-column injection system, a CO 2 cryogenic accessory to hold the oven at 28 °C, and fl ame ionisation detector set at 230 °C. The oven temperature programme was run at 28 °C for 6 min, increasing at 1.0 °C min -1 to 33 °C (no hold), then 1.8 °C min -1 to 110 °C (no hold), and then 2.5 °C min -1 to 215 °C, where it was held for 10 min. The carrier gas was H 2 at 40 kPa. The injection volume was 0.5 μl. Quantifi cation was performed by peak area integration with a Carlo Erba Mega Series integrator. Concentrations are expressed as mg kg -1 1-nonanol.
Sensory analysis.
The evaluation of the monovarietal olive oils was performed under the conditions described in EEC (1991) and its subsequent modifi cations (Annex XII) by the CREA-OLI Panel recognized by the International Olive Oil Council (IOC) and the Italian Ministry of Agricultural, Food and Forestry Policies (MIPAAF). Each taster of the panel smelled and tasted the oil sample, in order to analyse the olfactory and gustatory perceptions according to the devised profi le sheet of the Annex XII. The attributes evaluated were: fusty/muddy sediment, rancid, musty/humid/earthy, winery/vinegary/acid/sour, metallic, fruity (greenly and ripely), bitter, pungent. The profi le sheet uses a 10-point intensity scale that ranges from 0 (no perception) to 10 (extreme). All of these analyses were carried out in duplicate for each sample. To elaborate the sensory data, the method for calculating the median and the confi dence intervals was used as detailed in Annex XII, taking into account the attributes with a robust coeffi cient of variation of 20% or less.
Data analysis and statistics.
Chemical data were reported as mean values of two replications. Data were subjected to one-way ANOVA and the differences were compared with Fisher's test at 0.05 probability level.
Results and discussion
The evolution of the main chemical and physico-chemical characteristics of the oil during the storage period are reported in Table 1 .
The acidity shows a very slight increase, probably due to the release of fatty acids from lipids by hydrolysis.
The MEVOO before the storage had a considerable content of natural antioxidants such as α-tocopherol (168 mg kg -1 ). After 3 months of storage, the α-tocopherol content decreased consistently (118 mg kg -1 ), remained constant until the 9th month of storage, then decreased reaching the value of 64 mg kg -1 at the end of the 12 months of storage. The peroxide value increased up to a maximum of 19 (reached at 3 months of storage) and then started to decrease. This behaviour can be explained by an initial increase in hydroperoxides, which are fl avourless compounds produced during the primary step of oxidation. Subsequently these compounds give rise to substances responsible for off-fl avours (secondary oxidation) (FRANKEL, 1980) . K 232 coeffi cient remained nearly constant or slightly increased after 9 months of storage but has not exceeded the limit of 2.50 fi xed for the "extra" quality (EV5=2.145). The K 270 coeffi cient remained unaltered throughout the rest of the storage period.
Also, pigment (chlorophyll and carotenoid) content remained practically constant during all the storage. The dark-green glass protects chlorophylls from oxidative degradation, absorbing part of the radiation at wavelengths corresponding to their absorption, so that reduces the activity of the initiators of the reaction of hydroperoxide formation, and limits the deterioration of the quality of the oil. During storage, the quantity of main active biophenols (secoiridoids and lignans) of virgin olive oil decreases (Table 2) . Secoiridoids developing during crushing from the hydrolysis of oleuropein and ligstroside include an isomer of the oleuropein aglycon (3,4-DHPEA-EA), the ligstroside aglycon (p-HPEA-EA) and the dialdehydic form of decarboxymethyl elenolic acid linked to hydroxytyrosol (3,4-DHPEA) and tyrosol (p-HPEA), respectively 3,4-DHPEA-EDA and p-HPEA-EDA or oleocanthal. The main lignans found in virgin olive oil are (+)-1-acetoxypinoresinol and (+)-1-pinoresinol. Both secoiridoids and lignans affect the quality of the sensory and health properties of virgin olive oil: 3,4-DHPEA-EA, p-HPEA-EA, and, with a minor role, 3,4-DHPEA-EDA are responsible of 'bitter' sensation, while p-HPEA-EDA (oleocanthal) determines 'pungent' sensation (ESTI et al., 2009) . During storage in the tanks, the phenolic composition of extra virgin olive oil is modifi ed by the endogenous enzymatic activities contained in the cloudy phase. Oil fi ltration partially removes the water and enzymes from extra virgin olive oil, and enables to stabilize the phenolic content during its storage. Simple biophenols, such as p-HPEA and 3,4-DHPEA, increase probably due to the aglycon degradation (Table 2) . Also, oxidised forms of aglycons increase (Table 2) : phenols fi ght oxidation giving electrons to free radicals and oxidising themselves.
The olive oil aromatic profi le changes during storage, due to the neo-formation of volatile compounds responsible for common defect referred to as "rancid" (pentanal, heptanal, and nonanal; Table 3 ). This runs parallel to the increase in saturated aldehyde hexanal content (from 1.86 to 2.96 mg kg -1 ; Table 3) in the oxidation process, that in this case could be considered a useful marker of oxidation, since it comes only from the secondary oxidation of the linoleic hydroperoxide radical (SOLINAS et al., 1987) . The composition of the volatile fraction shows, in addition to a slight increase of substances related to rancid defect, a slight decrease in compounds related to fruitiness (cis-3-hexenal, 1-hexanol and cis-3-hexen-1-ol; Table 3 ). The organoleptic analysis (Table 4) of MEVOO showed the appearance of the rancid defect after 12 months of storage (median of defect=1.5), while fruity, bitter, and pungent properties decreased progressively during storage. 
Conclusions
In conclusion, after one year of storage, an organoleptic alteration reducing fruity, pungent, and bitter attributes, and occurrence of the rancid defect were observed. This alteration is accompanied by a decrease in phenolic substances and tocopherols and an increase in primary and secondary oxidation products. The composition of the volatile fraction showed a slight increase of substances related to rancid defect, a constant trend of compounds related to fruity characteristic, and a slight decrease in alcohols.
The results obtained revealed that the monovarietal extra virgin olive oil studied, packaged in dark-green glass bottles at room temperature (between 18 and 25 °C) under artifi cial light and away from heat sources, with an intermediate initial content of natural antioxidants, has maintained all of its chemical, physical, and sensory properties within the ranges of "Extra virgin olive oil" class during the fi rst nine months of storage. Only at the last Table 3 continued 
